. This is the Þrst study providing molecular characterization and prevalence information on SFGR in ticks from these areas and thus will be helpful for future evaluations of the risk of rickettsial diseases for individuals living in this region.
It is hard to overestimate the signiÞcance of ticks for human and veterinary medicine because of their intimate associations with a variety of pathogenic fungal, viral, parasitic, and bacterial organisms, many of which can be transmitted to mammals during acquisition of a bloodmeal (Guimaraes et al. 2001, Labruna and Machado 2006) . Bacteria belonging to the order Rickettsiales, including numerous species of the genus Rickettsia, Ehrlichia, and Anaplasma, are tick-transmitted microorganisms whose distribution and prevalence in different endemic areas varies signiÞcantly (Acha and Zsyfres 2003) .
Rickettsioses are among the most important emergent and re-emergent zoonotic diseases in the Americas. In some areas, there is a history of sustained circulation of these agents, but recent outbreaks have also occurred in several areas where disease was not known previously (Azad and Beard 1998, Parola et al. 2005) . The distribution of Rocky Mountain spotted fever (or disease primarily caused by Rickettsia rickettsii but bearing different names outside the United States, such as Fiebre Maculosa in Brazil) is the most documented. Unfortunately, only a few countries maintain long-term and systematic epidemiological surveillance programs permitting better understanding of the real burden of these diseases in the Americas. However, contemporary information regarding the presence of multiple rickettsial agents in the same areas and the lack of speciÞc diagnosis contributes to ambiguous epidemiological data in the region (Parola et al. 2005) .
In recent years, multiple cases of Rocky Mountain spotted fever were diagnosed in several countries, including Brazil (Galvao et al. 2003a , Galvao 2004 , Mexico (Zavala-Castro et al. 2006) , Colombia (Acosta et al. 2006 , Hidalgo et al. 2007 ), Panama (Estripeaut et al. 2007) , and Argentina (Ripoll et al. 1999 , Paddock et al. 2008 . To study these outbreaks, classical serologic The Þndings and conclusions described in this manuscripts are those of the authors and do not necessarily represent the views of the Centers for Disease Control and Prevention and the Department of Health and Human Services.
1 Instituto Conmemorativo Gorgas de Estudios de la Salud, Panama City, Panama 0816 Ð 02593.
2 Rickettsial Zoonoses Branch, Centers for Disease Control and Prevention, Atlanta, GA 30333.diagnostic techniques and contemporary molecular assays were used to perform detection and species identiÞcation of the rickettsial agents causing the infections (Galvao et al. 2003b) .
The purpose of this study is to determine the identity and prevalence of rickettsial agents found in ticks in Eastern Panama to assess the potential risk they pose to human and animal health in several communities along the PanamanianÐColombian border. Because an outbreak of fatal Rocky Mountain spotted fever occurred at the adjacent province in Colombia at Necoclṍ, Antioquia, in February 2006 (Acosta et al. 2006) , the concern was raised if the Panamanian population in this area may have an increased risk of exposure to R. rickettsii. The ticks were collected from domestic animals and transported live to the Medical Entomology Laboratory of the Gorgas Memorial Institute, where adults were identiÞed using the taxonomic keys of Fairchild et al. (1966) and Onofrio et al. (2006) . The ticks were stored in 100% ethanol and sent to the Centers for Disease Control and Prevention (CDC) in Atlanta, GA, for screening. The species identiÞcation of Amblyomma nymphs was determined by sequencing ITS2 fragment as described by Marrelli et al. (2007) .
Materials and Methods

Tick
Tick Processing and DNA Extraction. On arrival at the CDC, the ticks were separated and placed individually in sterile 1.7-ml polypropylene microtubes (Axygen ScientiÞc, Union City, CA). The ticks were next disinfected by washing with 10% bleach for 10 min, followed by a 5-min wash in 70% ethanol. The ticks were rinsed three times with distilled water to remove any remaining ethanol. After the last wash, all remaining water was removed, and the tubes containing the ticks were frozen by placing in liquid nitrogen. The ticks were crushed using Kontes pestles (KimbleKontes, Vineland, NJ), resuspended in 220 l lysis buffer consisting of 160 l Nuclei lysis solution (Promega, Madison, WI), 40 l 0.5 M EDTA, and 20 l 20 mg/ml Proteinase K (Qiagen, Valencia, CA), and incubated overnight at 56ЊC. DNA was extracted using the Wizard SV 96 Genomic DNA puriÞcation system (Promega) and a Biomek 2000 Robotic Workstation (Beckman Coulter, Fullerton, CA), and was eluted with 120 l sterile nuclease free water.
PCR Testing of DNA Samples. The tick DNA samples were tested for the presence of rickettsial DNA using a SYBR GreenÐ based quantitative polymerase chain reaction (qPCR) assay targeting a 155-bp fragment of the OmpA gene as previously described Eremeeva et al. (2003) . Brießy, 4 l of the tick DNA sample was used as a template in a 20-l reaction consisting of 0.2 nM each primers Rr190.547 and Rr190.701, 3.75 mM MgCl 2 , 625 nM dNTPs, 1ϫ SYBR Green reaction buffer, and 0.625 U AmpliTaq Gold polymerase using the SYBR Green core reagent kit (ABI, Foster City, CA). Each sample was run in duplicate. Genomic DNA of both R. slovaca and R. sibirica were run on every plate as positive controls, and four no template controls were run on each plate to ensure there was no contamination of reagents. Reactions were run in an iCycler (Bio-Rad, Hercules, CA) with the following conditions: an initial 3-min denaturation at 95ЊC, followed by 50 cycles of 95ЊC for 20 s, 57ЊC for 30 s, and 65ЊC for 30 s. A Þnal 5-min extension at 72ЊC was followed by melting curve analysis. A seminested PCR was performed to obtain 532 bp of ompA for species identiÞcation of spotted fever group rickettsiae as previously described (Estripeaut et al. 2007) .
To screen for Anaplasma and Ehrlichia (Anaplasmataceae) DNA, another SYBR Green qPCR assay was used as previously described ) that targets a ϳ150-bp region of the 16S ribosomal RNA gene. Once again, a 4-l tick DNA sample was screened in a 20-l reaction consisting of 0.2 nM each primer (ECSYBR-F and ECSYBR-R), 3.75 mM MgCl 2 , 625 nM dNTPs, 1ϫ SYBR Green reaction buffer, and 0.625 U AmpliTaq Gold polymerase using the SYBR Green core reagent kit (ABI). Reactions were run in an iCycler (Bio-Rad) with the following conditions: an initial 10-min denaturation at 95ЊC followed by 50 cycles of 15 s at 95ЊC and 1 min at 60ЊC. Finally, a melting curve analysis was run according to the manufacturerÕs instructions. A recombinant plasmid containing a homologous fragment of the 16S rRNA gene of E. ewingii was used as a positive control.
Melting curves were analyzed for each amplicon; the amplicons with Tms similar to the Tm of the positive control were further resolved on a 1% agarose gel to detect the presence of a product of the expected size.
DNA Sequencing and Analysis. The amplicons were puriÞed using the Wizard SV gel and PCR clean-up system (Promega) and sequenced using the BigDye Terminator v3.1 cycle sequencing kit (ABI) according to the manufacturerÕs recommendations on an ABI 3130xl genetic analyzer. Sequencing reads were assembled and analyzed using Sequencher 4.8 (Gene Codes, Ann Arbor, MI).
Results
A total of 289 ticks, including 280 adults and 9 nymphs, were collected from animals in the Darien and Kuna Yala provinces of Panama between June and December 2007; host association and species identiÞcation of each specimen are provided in Tables 1 and 2. All ticks collected were tested for the presence of spotted fever group (SFG) rickettsiae and Anaplasmataceae using SYBR GreenÐ based qPCR assays as described previously (Eremeeva et al. 2003 . Of these, 108 (37.4%) ticks tested positive for the presence of SFG rickettsial DNA, of which only 56 positive specimens could be identiÞed to a species by sequencing. One sample (0.35%) was found to contain DNA from R. rickettsii, whereas the other 55 samples (19.0%) had Rickettsia amblyommii DNA through sequencing of the ompA amplicons. The other PCR-positive samples could not be sequenced because of low rickettsial DNA copy numbers. Additionally, 28 samples (9.7%) tested positive for the presence of Anaplasmataceae DNA, and 6 (2.1%) of these had DNA from Ehrlichia chaffeensis based on DNA sequencing. Seventeen ticks (5.9%) were positive for the presence of both SFG and Anaplasmataceae DNA. Both SFG rickettsiae and Anaplasmataceae were more prevalent in ticks (n ϭ 185) in the Darien Province, with 43.2 and 14.1% being positive, respectively, compard with Kuna Yala (n ϭ 104), with 26.9 and 1.9% positive, respectively. E. chaffeensis DNA was detected only in both sites sampled in Darien province (Table 1) .
Amblyomma cajennense from horses (n ϭ 34) and from a dog (n ϭ 1) had the highest infection rate of SFG rickettsiae, with all 35 adult ticks tested being positive for SFG DNA; 29 of these samples, including the tick from the dog, were conÞrmed to contain DNA of R. amblyommii. All the A. cajennense nymphs (n ϭ 7) from a pig and a dog (n ϭ 2) contained R. amblyommi DNA. The rates and levels of detection of SFG rickettsial DNA were lower in A. ovale (12 of 43) and A. oblongoguttatum (2 of 4), and only one A. ovale could be shown to have R. amblyommii DNA. R. sanguineus had the lowest prevalence of SFG rickettsial DNA, with only 20.3% of the ticks being positive. The presence of R. rickettsii DNA was detected in only one tick, a Dermacentor nitens (n ϭ 124) taken from a horse in Santa Fe, Darien Province. A. cajennense also had the highest prevalence of Anaplasmataceae DNA, with 26.5% of ticks being positive. Anaplasmataceae DNA was not detected in A. ovale (n ϭ 45), A. ob- longoguttatum (n ϭ 4), or Boophilus microplus (n ϭ 10; Table 2 ).
Discussion
To our knowledge, this study summarizes the Þrst detailed assessment of the presence and prevalence of rickettsial agents in ticks from multiple peridomestic sites along the PanamanianÐColombian border. An outbreak of fatal Rocky Mountain spotted fever (5 fatalities of 14 cases identiÞed) occurred in the adjacent province in Colombia at Necoclṍ, Antioquia, in February 2006 (Acosta et al. 2006) .
Of 289 ticks collected from pets and domestic animals, 37.43% of the ticks were positive for spotted fever group rickettsiae. Sequencing of an OmpA gene amplicon (155 or 532 nt from the 70-to 701-nt region) was successful from Ϸ50% of SYBR Green PCRÐposi-tive tick DNA specimens; R. amblyommii DNA was identiÞed in 52 of 53 amplicons sequenced, whereas the other was from R. rickettsii. The majority of R. amblyommii-positive ticks were A. cajennnese and D. nitens collected from horses. The presence of spotted fever group rickettsia DNA was also detected in R. sanguineus, A. ovale, and A. oblongoguttatum; however, the speciation of these rickettsiae could not be completed because of the low rickettsial DNA copy number found in those ticks. Our pilot tick surveillance project conducted in other sites of the Darien province and Cocle province in 2007 also established the presence of spotted fever group rickettsia DNA in 61% of ticks analyzed (Eremeeva et al. 2009 ). However, DNA from R. amblyommii was also detected in Boophilus, Amblyomma, and D. nitens collected from different animals. It is possible that this agent may be shared by co-feeding ticks. Similarly, the widespread presence of R. amblyommii in Panamanian ticks is very likely based on results of isolation attempts with ticks from other regions in guinea pig experiments conducted in the 1970s (Yunker et al. 1975) .
Rickettsia amblyommii seems to have a very wide distribution in the western hemisphere, and it has been found in the United States in A. americanum with a prevalence reaching as high as 84% at some sites (Mixson et al. 2006) . In Brazil, both R. amblyommii and R. amblyommii-like rickettsiae were detected in Amblyomma longirostre collected from the Brazilian porcupine, Coendou prehensilis, passerine birds (Labruna et al. 2004a , Ogrzewalska et al. 2008 , and questing A. cajennense and Amblyomma coelebs from Brazil (Labruna et al. 2004b ). The prevalence of R. amblyommii in A. cajennense seems to be lower in Brazil. R. amblyommii or a related spotted fever group rickettsiae was also found in Amblyomma neumanni from Argentina ) and in A. coelebs collected from white-lipped peccaries in French Guyana (Parola et al. 2007) .
A role of R. amblyommii as a human or animal pathogen has not yet been directly shown; however, serologic evidence suggests that this rickettsia may cause a self-limiting mild infection in humans and be responsible for the high rates of seropositivity to SFG rickettsiae in areas infested with Amblyomma ticks (Sanchez et al. 1992; Dasch et al. 1993 Dasch et al. , 2001 Parola et al. 2005) . Several publications suggest that R. amblyommii might be an etiologic agent of southern tickÐ associated rash illness (STARI), which occurs after an A. americanum bite (Billeter et al. 2007 , Apperson et al. 2008 , Nicholson et al. 2009 , Stromdahl et al. 2008 ). All three stages of A. americanum and A. cajennense can bite humans, providing multiple routes for transmission of this rickettsia, which is maintained transtadially and transovarially throughout the tick life cycle (Guglielmone et al. 2006) .
Although A. cajennense is often considered one of the primary vectors of R. rickettsii in Central and South America (Parola et al. 2005) , DNA of R. rickettsii was not detected in Amblyomma sp. ticks available for this study. In contrast, DNA of R. rickettsii was detected in one D. nitens collected from a horse. To our knowledge, this is the Þrst molecular detection of such an association, although the presence of rickettsia-like microorganisms in D. nitens from Brazil was previously shown using the Gimenez stain (Lemos et al. 1997) . D. nitens typically feed on equines and episodically may be found on cattle, goats, and other mammals, but it typically does not bite people. It cannot be excluded that these ticks may acquire R. rickettsii during cofeeding with A. cajennense on horses. The potential of D. nitens for maintenance and transmission of R. rickettsii requires further evaluation. A role for horses as a putative reservoir or passive co-feeding transmission station for R. rickettsii needs better understanding, because horses are regarded as a possible source of R. rickettsii infection transmitted with a bite of A. cajennense in Argentina and Colombia (Ripoll et al. 1999 , Acosta et al. 2006 .
Our study also provided additional evidence that E. chaffeensis, the agent of the human monocytic ehrlichiosis, is present in Panama, as we previously detected it in ticks from cattle and horses in Chucanti Hill and El Valle, respectively (Eremeeva et al. 2009 ). Subsequently, human cases of human monocytic ehrlichiosis may occur among patients with fever of unknown origin in Darien Province. Because antibodies against E. chaffeensis were also found in sera of healthy donors and febrile patients in Argentina (Ripoll et al. 1999 ) and a human case of E. chaffeensis was recently diagnosed in Venezuela (Martṍnez et al. 2008) , this pathogen may have a wide distribution throughout the Americas and may be a common cause of tick-transmitted diseases in individuals working in rural occupations. It seems that different Amblyomma species may be involved in maintenance and transmission of E. chaffeensis (Tomassone et al. 2008 , Eremeeva et al. 2009 ).
